Epidural analgesia with morphine sulphate was administered to 130 patients. Of 96 patients with postoperative pain, 74 experienced good analgesia, 14 obtained a fair degree of pain relief, and in eight the method was unsatisfactory. Of the 34 non-operated patients 30 had good pain relief and the method failed in one. The most common cause of failure of analgesia was an incorrectly placed epidural catheter. Urinary difficulties and pruritus were encountered as the principal side-effects. One patient suffered depression of the level of consciousness following epidural drug administration and in one, epidural opiate appears to have contributed to hypotension.
heparin therapy. Those patients having surgery under epidural anaesthesia were given injections at an appropriate segmental levelthat is, caudally for anal surgery, in the lumbar region for surgery of the legs or groin, and at the appropriate thoracic level for abdominal or' thoracic incisions. Where epidural anaesthesia had not been undertaken, we generally performed the epidural at the spinal level appropriate to the site of pain. With the exception of those cases where a caudal route was used and in a few patients where surgery of the lower limbs was undertaken, all analgesia was administered through catheters. These were inserted either by the authors, or under their direct supervision, using an aseptic technique. One author (DAP) used a lateral approach, while the other used a mid-line approach below the level of T8. In all cases, 22 micron millipore filters primed with opiate solution were used and when it was anticipated that the catheter would remain in situ for more than 48 hours, a double filter system was attached.
The morphine sulphate preparation contained 0.1 % sodium metabisulphite, which is the preservative in some local anaesthetic solutions used for epidural anaesthesia. The patients described in our preliminary report received 2 or 3 mg morphine diluted to 5 to 8 ml. 3 Most of the postoperative patients reported in this paper received 6 mg in 8 to 10 ml of saline although a few old and severely ill patients received only 4 mg, as did the patients with ischaemic, malignant or herpetic pain. The patients with trauma were evenly divided between the two doses and the patients with back pain received 6 mg doses. Those receiving caudal analgesia were given morphine 4 mg in 20 ml of 1.5070 lignocaine with adrenaline 1 :200,000. If malposition of the catheter was suspected, a test dose of 5 ml of 2070 lignocaine was given and if necessary the catheter was repositioned.
Of the 96 postoperative patients, 18 had undergone thoracotomy and 38 intraperitoneal abdominal operations, mostly gastrectomy, total cystectomy or vascular procedures. The remaining 27 patients had undergone an assortment of other procedures including nephrectomy, lumbar sympathectomy and extra-peritoneal vascular procedures. Thirteen patients had had anal surgery for haemorroids or fissures. Of the 130 patients 57 had thoracic epidurals, 60 in the lumbar region and 13 patients had 'one shot' caudal analgesia.
The patients in the ischaemic group all had severe rest pain in a lower limb, due to peripheral vascular disease and required opiate analgesics while awaiting surgery. Of the 10 patients with malignant disease two had carcinoma of the stomach and eight carcinoma of the pancreas. All required opiate analgesics and were awaiting neurolytic blocks of the coeliac plexus. Of the six trauma cases, five had thoracic trauma with four to nine ribs fractured. Two of these patients also had pelvic fractures but none required positive pressure ventilation. One patient had gas gangrene of the ankle. Two patients had acute lumbar disc prolapse with back and sciatic pain, three had traumatic back pain and one patient had arachnoiditis. Both patients with Herpes zoster were immune suppressed; one following renal transplantation, and the other by cytotoxic therapy for malignant disease.
In the initial part of the study, patients were treated on our Intensive Care Unit and the drug was administered on request. In 43 such patients the duration of action of the drug was established. Subsequently, when morphine was given to patients in other clinical areas, the drug was ordered at fixed intervals -usually eight hourly for postoperative pain and 12 hourly for patients with other types of pain. However, if the first epidural dose of morphine was not effective within 45 minutes another dose was given before considering the result a failure. Catheters were left in situ up to five days.
Assessment of analgesic effect was based on the patient's subjective report. In those patients who were given lumbar or thoracic epidurals, pain relief was initially assessed 45 to 60 minutes after the first injection of morphine. Thereafter assessments were made daily until the catheter was removed. In that group of patients who received 'top ups' on demand, these subsequent assessments were again made 45 to 60 minutes after a dose of morphine. In those patients receiving morphine at fixed intervals the subsequent assessments were made shortly before a dose of morphine was due. Analgesia was considered 'good' when the patient was free of pain at rest or nearly so. Analgesia was considered 'fair' if the patient still had pain at rest, but did not feel a need for an alternative form of analgesia. If the patient requested additional analgesia a further Sites of epidural administration. Thoracic epidurals are considered "high" above T7 and "Iow" below that level. epidural dose was given. If this did not produce a satisfactory result, another analgesic technique was employed and the result was classed as poor. In all cases, the patient's assessment of the least satisfactory degree of pain relief is the analgesic result reported. Whilst lying supine, measurements of pulse rate, respiration rate and systolic and diastolic blood pressures were made in 41 patients, before and one hour after the administration of the opiate.
In a group of 17 patients who underwent thoracic or upper abdominal operations the effect of the epidural on the peak expiratory flow rate was recorded.
Student's t for paired values was used to test statistical significance.
RESULTS
The results on the 130 patients are summarised in Table 2 . Of the 96 postoperative patients 83 received opiates by lumbar or thoracic injection. Pain relief was good in 68, fair in 11 and failure occurred in four. In these four patients no effect could be demonstrated following injection of lignocaine through the catheter and therefore the failures appear to be due to improper catheter location. Of the 13
Fair
Poor Total   1  3  18  7  1  38  3  0  27  3  4  13  2 1
patients who received 'single shot' caudal morphine six had good pain relief, three had only moderate pain but four required analgesia by other means. The relatively poor results in this group have led us to undertake a controlled study of analgesia following haemorrhoid surgery. In the non-operative group analgesia was poor in only one patient. One patient developed unacceptable hypotension following the third opiate administration through a thoracic epidural. This is discussed in detail in the next section. The effects on pulse rate, respiratory rate, systolic and diastolic blood pressures in 41 patients are shown in Table 3 . The reduction in systolic blood pressure was statistically significant (p < 0.05) but with the exception of the patient mentioned above no clinically significant changes in these parameters were noted.
The mean peak expiratory flow rate in 17 patients who had undergone thoracic or upper abdominal surgery was increased by 30070 (p < 0.01) 45 minutes after epidural morphine.
The duration of effective analgesia in postoperative patients ranged from six hours up. The average duration of action of 4 to 6 mg doses in 43 patients who were given the drug on demand was 14.8 hours (standard deviation ± 1.2 hours). One patient who had undergone oesophagogastrectomy required no further analgesia after a single 6 mg postoperative dose. In seven patients with pain from nonsurgical causes (malignancy in five, ischaemia in two) the average duration was 19.6 hours (S.D. ± 3.8 hours). Tachyphylaxis was not observed.
SIDE EFFECTS
The incidence of the following side effects was noted:
Retention oj Urine
Fourteen of about 60 patients who were not already catheterised had difficulty with micturition and seven of these eventually required catheterisation. Four of these seven patients had been given caudal opiates prior to anal surgery and only one was from the nonoperated group of 34 patients.
Pruritus
Six patients developed severe itching which was confined to the area probably affected by the epidural -i.e. thoracoabdominal in two and the lower half of the body in a further four. There was no redness, whealing or autonomic evidence of histamine release, such as tachycardia or hypotension. Promethazine usually gave effective relief. Naloxone was not tried.
Hypotension
One patient who had undergone repair of a thoracic aortic aneurysm developed hypotension severe enough to warrant treatment. Shortly after being given her third 4 mg dose at T5-6, systolic blood pressure fell from 140 to 70 mmHg although she remained clinically well perfused. By the use of repeated 40 to 80 JAg intravenous doses of naloxone it was possible to maintain her systolic pressure above 110 mmHg. The patient will be the subject of a more detailed case report.
Nausea
The non-operative group of 34 patients was specifically questioned about nausea or vomiting in the first 24 hours of treatment. Two complained of nausea but this was not severe enough to force discontinuation of the epidural and responded to metoclopramide. Vomiting did not occur in this group. Because of the multiplicity of possible causes, nausea or vomiting was not investigated in the operative group.
Dural Tap
Two patients suffered accidental dural taps of whom one developed spinal headache. In both cases, a catheter was inserted into an adjacent space and effective analgesia was obtained. While epidural morphine controlled the postoperative pain adequately, the headache required systemic analgesics.
Respiratory Depression
One patient suffered unexplained respiratory depression 12 hours after a lumbar epidural dose of 4 mg. He became difficult to rouse, with a respiration rate of eight to ten. His response to naloxone was unimpressive.
DISCUSSION
Widespread research into techniques of opiate epidural analgesia has led to a clearer understanding of the features of this method of pain relief and for morphine at least, the latency, potency and duration of action of the drug have been established. 5 ,6 In the present study we did not attempt to ascertain the latency of the drug as we found it impossible to define a sharp "onset" point. Our patients reported significant pain r~ief usually within five to 15 minutes. Maximal effect appeared later, at 30 to 60 minutes when acute surgical pain was treated, although the pain of malignancy or ischaemia appeared to respond more rapidly. Magora et al. , 5 reported the efficacy of 2 or 3 mg doses of morphine in relieving pain. In preliminary studies, we found that this was often inadequate for the treatment of postoperative pain and for this reason the minimum dose used in this study was 4 mg. Bromage et al. 6 determined the effective analgesic dose of morphine to be 10.3 mg for upper abdominal surgery and 7.6 mg for lower abdominal surgery, whereas in our cases we found that 6 mg was generally sufficient to ensure good analgesia. This difference may be explicable on the basis of the different anaesthetic technique used in the two studiesour general anaesthetic technique usually consisted of opiate premedication and nitrous oxide -relaxantopiate supplemented anaesthesia, while Bromage avoided the use of opiates both before and during surgery. More likely, however, the difference is in the placement of the drug: Whereas in that series, the patients undergoing upper abdominal procedures received epidural analgesia between T9 and 12 levels, we generally attempted to place the catheter tip at the spinal level corresponding to the middle of the incision. In our series also all thoracotomies were managed with high thoracic catheters.
The reported incidence of side effects varies widely. In one series, 20 of 21 patients developed urinary difficulties, five itching, and one, respiratory depression. lO Boas places the incidence of significant side effects at 50070 including one cardio-respiratory arrest in 25 patients. lI Magora et al. 5 report transient retention in three, dizziness and vomiting in two and accidental dural puncture in one of their 98 patients. Bromage et al. 6 report no bladder problems at all and itching in one only, of their 67 patients. Our experience lies between the two extremes.
The mechanism of difficulty of voiding consequent upon epidural opiate administration is obscure. In our personal experience '2 it proved to be a cause of discomfort rather than a real problem and this also is reflected in our clinical experience. As only one of 34 non-operative patients required catheterisation this does not appear to be an unacceptable incidence in view of the good analgesia obtained. It must also be remembered that urinary retention is a known side effect of systemic opiate administration. 13 Itching did not seem a major problem in our patients. Contrary to the reported experience of others,6 it was confined to the epidural-affected region in our patients, which confirmed our findings in volunteers. It responded well to antihistaminics although there were no signs of histamine release.
The role of preservative in the production of pruritus is equivocal. One group reporting at the 7th World Congress reported no change in its incidence when changing from preservativecontaining to preservative-free solution. Another worker, in discussion, reported the contrary in his experience. One series, using preservative-free morphine reported an incidence of 24%. IQ Working with metabisulphite-containing lignocaine for epidural anaesthesia we had never noted pruritus in the past. The duration of itching following epidural opiates, when encountered, is many hours, exceeding by far the duration of action of lignocaine, making it unlikely that it had masked this effect in the past. It is therefore our opinion that the itch is in all probability induced by morphine.
In one severely ill patient hypotension appeared to be related to epidural opiate administration and was responsive to naloxone. As the patient had received two doses without fall in blood pressure, opiate administration may have been one only of a number of factors resulting in low blood pressure. There is no indication whether the mediating mechanism may have been spinal, or systemic absorption. All previous reports emphasise circulatory stability3,5,6,'2,'4,'5,'6 and Glynn and co-workers '7 have excluded sympathetic block by the cobalt blue test and used plethysmography to demonstrate unchanged skin blood flow.
The incidence of nausea was only two in 34 non-operated patients, lower than would be expected from intramuscular administration of morphine especially as 14 of these patients were ambulant at least some of the time during opiate administration.
One major fear is engendered by the possibility of severe, delayed respiratory depression. Our patient who exhibited central depression 12 hours after epidural morphine did not respond to naloxone. It is unlikely therefore that his depression was opiateinduced and transient cerebral ischaemia may have been a possible explanation. Although reports in the literature are still few ll ,I8 the numerous anecdotal reports from Australia and overseas place the existence of this serious complication beyond doubt.
Bromage and co-workers in a number of reports 6 ,19,20 state that cold and pin prick sensation are segment ally depressed and a "level" can be detected. This has not been our experience either in volunteers'2 or in our patients.
Reviewing some of our experience with epidural morphine after 18 months' clinical use a number of conclusions emerge. The quality of analgesia obtainable appears about the same as the best results we have had from opiate infusions. That is, most patients are pain-free at rest and have much reduced pain on movement or physiotherapy. Most patients appreciate the clear sensorium and absence of drowsiness. The patients remain co-operative and the method is well suited to Entonox supplementation for acutely painful procedures such as removal of surgical drains or for physiotherapy. There are definite side-effects, principally pruritus and urinary retention but their incidence and severity is probably acceptable. In general the patient's circulation is unimpaired and ambulant patients can remain ambulant. The possibility of severe delayed respiratory depression must be recognised and it is our policy that patients remain observed at hourly intervals or more frequently for the first 12 hours after epidural administration. Patients who receive such therapy are initially nursed in a closely supervised environment. Despite these restrictions, demands for this service are still increasing in our hospital and after the initial observation period many patients are managed in surgical or medical wards.
